A bla CMY-2 -containing conjugative IncF plasmid denoted as pEQ011, previously identified in a multidrug-resistant Escherichia coli isolate of equine origin, was characterized. The plasmid consisted of 85 507 bp, with 118 predicted open reading frames. This is the first known report demonstrating the association of a bla CMY-2 gene with an IncF incompatibility-type plasmid backbone. A novel genetic arrangement was identified wherein the bla CMY-2 resistance gene was proximally flanked by IS1294 along with a partial blc gene located distally and within a yacABC operon.
Introduction
Dissemination of plasmid-mediated b-lactamase resistance genes is a global public health issue. Among others, AmpC-like b-lactamases are a recognized mechanism of resistance to clinically important b-lactam-based compounds, including expanded-spectrum cephalosporins, such as ceftriaxone. The bla CMY-2 -encoding gene has the widest distribution of all the ampC-like genes, and its occurrence and transmission between various enteric bacterial species are well documented (Deshpande et al., 2006) . Studies of bacterial isolates cultured from foodproducing animals highlighted the fact that ampC-like genes move horizontally between different hosts and are commonly associated with IncI1 and IncA/C plasmid replicon types (Mulvey et al., 2009; Folster et al., 2011; Martin et al., 2012) . Transposable elements are also known to mediate the acquisition and transmission of these genetic determinants. In particular, the ISEcp1 element has frequently been identified in the genetic context of bla CMY-2 gene and has probably facilitated the mobilization of its progenitor ampC gene from its original locus on the Citrobacter freundii chromosome (Giles et al., 2004; Kang et al., 2006; Su et al., 2006) . The bla CMY-2 -encoding gene is typically present within a transposonlike structure consisting of tnpA-bla CMY-2 -blc-sugE, where tnpA encodes an ISEcp1 transposase (Su et al., 2006; Verdet et al., 2009) .
We previously investigated a collection of multidrugresistant Escherichia coli cultured from animals presenting at the University Veterinary Hospital in Dublin, Ireland. Large molecular weight (c. ≥ 30-kb) conjugative plasmids were identified in one of these isolates and which contained a bla CMY-2 determinant (Karczmarczyk et al., 2011) . In this follow-up study, the complete nucleotide sequence of one such plasmid, denoted as pEQ011, was characterized.
Materials and methods

Bacterial culture maintenance and plasmid purification
Previously, a collection of 74 multidrug-resistant E. coli isolates from selected animals presenting at the University Veterinary Hospital in Dublin, Ireland, in 2007 was studied (Karczmarczyk et al., 2011) . Sixteen isolates were identified with the bla CMY-2 genes, and one isolate denoted as 11/equine was shown to transfer a bla CMY-2 gene in broth mating experiments. Plasmid purification was performed using a commercial kit and the profile and size determined by comparison with other E. coli containing plasmids of known molecular weights. All laboratory protocols were described in detail elsewhere (Karczmarczyk et al., 2011) .
Plasmid sequencing
Plasmid pEQ011, containing a bla CMY-2 gene, derived from a multidrug-resistant E. coli cultured from a hospitalized horse (Karczmarczyk et al., 2011) was completely sequenced commercially from its transconjugant using next-generation sequencing technology on the Roche 454 GS FLX platform (Eurofins MWG Operon, Ebersberg, Germany). Open reading frames (ORFs) were designated using RAST (rapid annotation using subsystem technology) (Aziz et al., 2008) . Nucleotide sequences showing the highest similarity were identified in the GenBank database using the BLAST search tool from the National Center for Biotechnology Information (http://blast.ncbi. nlm.nih.gov/Blast.cgi). DNA sequence analyses and comparisons were performed using DNASTAR programme (Madison, WI) and CLUSTALW Multiple Sequence Alignment tool (http://www.ebi.ac.uk/Tools/msa/clustalw2/). The plasmid structure was subsequently confirmed by PCR amplification of selected regions (primer sequences are shown in the Supporting Information, Table S1 ).
Results and discussion
DNA sequencing of the purified plasmid produced 16 783 reads with an average length of 224 bp. These were subsequently assembled into an 85 507-bp plasmid designated as pEQ011 (GenBank accession no. KF582523). Plasmid pEQ011 contained an average G + C content of 49.9% with 118 ORFs.
Using pEQ011 as the query sequence, RAST revealed that it contained a 1410-bp region with repA1 and repA2, related to IncF plasmids. BLAST searching showed a 71% nucleotide identity with another IncF plasmid pEC_B24 (accession number GU371926). The core region of these two plasmids showed a high degree of sequence similarity ( Fig. 1 ). Careful examination of the broader plasmid sequence identified two distinct regions: the first related to plasmid replication and conjugative transfer functions and the second containing the region encoding the resistance gene(s) and flanking transposons.
The transfer-encoding locus of pEQ011 contained finO, 24 tra and eight trb genes. In contrast to pEQ011, pEC_B24 lacked the transfer-encoding genes traM, traJ, traY, traA, traL and traD (Fig. 1) . Despite this structural difference, pEC_B24 was originally reported to be a conjugative plasmid (Smet et al., 2010) . Other differences noted when comparing pEQ011 with pEC_B24, related to the presence of 7 hypothetical ORFs followed by 2 phage integrases on pEQ011. Colicin B and M genes were present on both plasmids. These genes are rarely identified on IncF plasmids (Smet et al., 2010) , and these bacterial toxins are among the most common colicins produced by E. coli, being encoded adjacent to each other on the same plasmid.
The genetic context surrounding the bla CMY-2 -encoding gene also appeared to be novel. As shown in Fig. 1 , the yacABC operon, which encodes a putative toxin-antitoxin plasmid stability system, along with the flanking atc1 gene, was present in both pEQ011 and pEC_B24. On the latter plasmid, the bla TEM-33 and bla CTX-M-15 genes were located downstream of atc1 and between an orf encoding a putative 147-amino-acid transposase and an atp gene (Fig. 1) . Uniquely in pEQ011, the yacABC operon was interrupted by the insertion of the bla CMY-2 determinant, contained within a region of 3642 bp located between nucleotide positions 80 483-84 125 bp. This locus demonstrated 99% nucleotide identity with a similar locus, IS1294-DISEcp1-bla CMY-2 -blc-sugE described on pTN38148 (accession number FM246883.1) (Verdet et al., 2009) . Furthermore, another short region showing 93% nucleotide sequence identity with pTN38148 was identified located between nucleotide positions 84 738 and 85 151 bp. These nucleotide sequence similarity regions are shown in Fig. 1 .
Earlier studies reported the ISEcp1-mediated mobilization of bla CTX-M genes (Poirel et al., 2005; Lartigue et al., 2006) . Similarly, the ampC-encoding gene has also been linked to this genetic element wherein the ISEcp1-bla CMY region included the genes blc (encoding an outer membrane lipoprotein, lipocalin) and sugE (which encodes a small multidrug resistance transporter) immediately downstream. This gene arrangement, ISEcp1-bla CMY-2 -blcsugE-DecnR, is reported to be conserved in strains from the USA, Taiwan and Norway (Kang et al., 2006; Su et al., 2006; Haldorsen et al., 2008) . In contrast to the latter conserved arrangement, the region of pEQ011, distal to bla CMY-2 , lacked all three genes. A comparison of the bla CMY-2 -encoding locus with other CMY-2-containing plasmids is shown in Fig. 2 . Based on these comparisons, three conserved arrangements of loci containing bla CMY-2 were described and designated earlier as type-I, -II and -III elements (Kang et al., 2006) . All were related to AmpC b-lactamases of Citrobacter freundii (Kang et al., 2006) .
In the type-I element shown in Fig. 2 , two copies of bla CMY-2 have been identified, forming part of a composite transposon that facilitates horizontal gene transfer. The region between the two copies of bla CMY-2 includes four additional ORFs of unknown function, followed by dsbC encoding a disulphide bond isomerise and a truncated form of traC encoding a sex pilus assembly and synthesis protein (Kang et al., 2006) . Other modified variants of this element have also been described by PCR mapping, including a type-II element that lacked the traC gene and the second copy of bla CMY-2 . The conserved bla CMY-2 -bearing type-III elements of 8 kbp consisted of a hypothetical ORF5 downstream of DecnR, and which was identified in Salmonella enterica serotype Dublin isolates alone. Based on the comparisons with these three unique elements, the bla CMY-2 -encoding gene of pEQ011 is contained within a novel IncF genetic context that is selfmobilizing, and we propose that this arrangement be denoted as type-IV (Fig. 2) . The predominant plasmidic AmpC variant was described in E. coli and Salmonella species cultured from food-producing animals or foods since the mid-1990s is bla CMY-2 (BIOHAZ, 2011) . IncA/C plasmids were associated with the emergence of bla CMY-2 in the USA and UK (Hopkins et al., 2006; Randall et al., 2011) . Interestingly, in these IncA/C plasmids, the insertion of the CMY-2 fragment occurred within the conjugative transfer locus of the plasmid, thereby impairing their self-conjugative properties (Poole et al., 2009) . IncK plasmids have also recently been found in E. coli from animals and foods carrying bla CMY-2 (Bergenholtz et al., 2009) . Plasmids containing CMY-encoding genes have been reported from humans, food-producing animals, companion animals and their environments; these plasmids belong to diverse Inc groups, including IncQ, IncI1, IncN, IncHI2 (BIOHAZ, 2011). To our knowledge, the bla CMY-2 gene has never been described on IncF plasmids. Plasmids of the IncF group are commonly recovered from animals, being mainly associated with E. coli and Salmonella species. Furthermore, IncF plasmids greatly differ in their content of replicons and maintenance systems (Mnif et al., 2010; Villa et al., 2010) . The finding from our study is consistent with that of earlier reports further confirming that the resistance gene can be identified in several Inc/bla CMY-2 associations wherein the conserved ISEcp1-like element functions in the mobilization of the bla CMY-2 gene, irrespective of the replicon type and the plasmid backbone (Barlow & Hall, 2002; Verdet et al., 2009) .
In conclusion, this study demonstrated that the plasmid originating from E. coli isolated from a horse has a unique mosaic structure. The antibiotic resistance-encoding region of pEQ011 consisted of the following unique genetic arrangement: IS1294-DISEcp1-bla CMY-2 -yacB-yacA, identifying the CMY-2-encoding gene in a new genetic context. 
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